Abstract-In this paper, we like to study the bioelectrical impedance analysis and propose a smart refrigerator for ubiquitous health care. A smart refrigerator has an additional function enabling users to keep in track of their health by the newly equipped installation. Also, it is equipped with a body fat analyzer that is used in gym and hospitals in order to receive health care in a ubiquitous environment. This proposed method is measured for body impedance and recognized for body composition by using bioelectrical impedance analysis (BIA). Also, we expect that medical center manages user's condition such as amount of body fat, muscle, body water and etc. through internet in a ubiquitous environment. This proposed method has two merits. It can be used to measure more often and much cheaper than body fat analyzer in gym and hospitals.
INTRODUCTION
As the telecommunication has gradually developed to become ubiquitous, health care also reflected the influence of mobile telecommunication progressing from hospitals, telemedicine, e-Health and uHealth respectively. Health care patients will receive, in such ubiquitous environments, treatment in physical environments without being exposed regardless of the time or space. A smart refrigerator has an additional function enabling users to keep in track of their health by the newly equipped installation. This paper's purpose are to measure body composition such as body fat, basal metabolism, muscle mass, etc. by using 'Bioelectrical Impedance Analysis (BIA)', and do health care. The idea of the smart refrigerator was brought up by the fact that it is a home appliance that operates 24 hours which encourages users to check and treat their health condition frequently. The body fat analyzer is incongruent in the gym and hospital in order to measure on occasion. Therefore, the smart refrigerator is proposed for measuring body condition in a breeze at the house. Also, it is proposed for cheaper health care. In this paper, we explain the principle of bioelectrical impedance analysis (BIA) for health care through smart refrigerator in ubiquitous environment. Afterwards, we will explain the composition method of smart refrigerator. Also, we recognize that the supposed technique is adaptive through the measurement and evaluation.
BIOELECTRICAL IMPEDANCE ANALYSIS (BIA)
The bioelectrical impedance analysis (BIA) is to predict body composition by using difference of electrical conductivity for biological character of body tissue [1, 2] . The body tissue is divided both fat and free-fat. Also, the electrical conductivity is relative to amounts of water and electrolyte, and decreases when the shape of a cell is similar to a circle. Since the fat tissue is made by the cell of a circle, and has a little water, it has an insulator character. On the other hand, the muscle and the water have a conductor character. Whenever a small amount of AC current passes through the body, the current is flowed along the water of high conductivity. According to conductivity of each body such as total body water, fat mass, muscle mass and etc., the impedance occurs differently, and then we measure and analyze body tissue by using BIA. We suppose that the body, which is determined through height and weight, is made by one cylinder or 5 cylinders and measure through the amount of total body water and body fat mass. The body impedance is measured by a method which separately measures the trunk of body, arm and leg impedance.
The resistance of a length of homogeneous conductive material of uniform cross-sectional area is proportional to its length and inversely proportional to its cross sectional area. Hence, resistance can be expressed as where ρ is the resistivity of the conducting material and V = AL. Also, the equation of volume can be expressed as
where
is impedance index, and it is calculated to volume. The original problem of BIA method is very different to segmental resister. Therefore, we suppose that the body is made by 5 cylinders [3] .
When we inquire of body character by using BIA, we suppose that the human body consists of resistance and capacitance connected in parallel or in series. The resister (R) arises from extracellular fluid and intracellular fluid, and the capacitance (C) from cell membranes. In this parallel model, two or more resistors and capacitors are connected in parallel, with the current passing at high frequencies through the intracellular space and at low frequencies passing through the extracellular space.
There are two methods for measuring BIA which is the bi-polar method and the Tetra-polar method. The two methods are used to contact electrodes. The contact resisters occur when body connect to electrode. The Bi-polar method is simple because it consists of current electrode and voltage electrode at unity. But it has low accuracy because of high contact resister. On the other hand, the Tetra-polar method is complex because current electrode and voltage electrode is used separately. However, it has high accuracy because of low contact resister. Also, it is very accurate because of same part from the wrist and the ankle. In addition to that, we separately measure to the resister of arm, leg and trunk. In this paper, we use multi-frequency analysis by using 1 kHz ∼ 1000 kHz frequency band. Below 100 kHz, the current does not penetrate the cell membrane and therefore the current passes through the extracellular fluid. Therefore, below 100 kHz is used to measure the extracellular water (ECW). At above 100 kHz, the current penetrates the cell membrane. Therefore, above 100 kHz can be used to measure the total body water (TBW). In multi-frequency, we exactly measure intracellular water and extracellular water. The correlation of total body water (TBW), intracellular water (ICW) and extracellular water can be expressed as,
We measure intracellular water, extracellular and total body water by using this correlation. It can help measure body water balance, treat several diseases and protect various diseases.
DESIGN OF HEALTH CARE REFRIGERATOR
We will apply principal of BIA to smart refrigerator. Figure 3 is a block diagram of an overall system. It consists of power module and processing system module. The power module part is converted to 12 V DC voltage by using 220 V AC voltage. And the power control logic converts to 5 V DC voltage. Also, the smart refrigerator consists of battery recharging logic and battery part. Figure 4 on the other hand is a block diagram of body measurement and analysis module. It consists of body measurement and analysis module part, memory module part and processing module part. And we will explain Input part, Sensor part, Processor part, Operation part and Output part. Enter height, age and sex in order to correctly measure since the body is non-uniform.
Handle sensor and foot sensor are made by contact electrode in Figure 5 [3] . The contact electrode is red point in Figure 5 . The composition of sensor part in smart refrigerator is equipped to the handle sensor in knob of Refrigerator, and the foot sensor is equipped under the Refrigerator. We use Tetra-polar 8-Point Tactile Electrode System in order to correctly measure. Therefore, the handle sensor is made to connect to thumb and palm, and the foot sensor is made to connect to front sole and rear sole. The impedance is measured by using Handle sensor and Foot sensor in Sensor part and we suppose that the body consists of five cylindrical conductors. And we measure segmental impedance by using multi-frequency.
Suppose that we measure the impedance of right arm (R RA ). In order to measure to R RA , current terminals are connected to right palm electrode (E 1 ) and right front sole (E 5 ), and voltage pick-up terminals are connected to right thumb electrode (E 2 ) and left thumb electrode (E 4 ). The current is flowed through right palm (R 1 ), right arm (R RA ), trunk (R T ) and right leg (R RL ). And the voltage is measured through right thumb (R 1 ), right arm (R RA ), left arm (R LA ), left thumb (R 2 ). The current path and measured voltage loop become reiteration and then we measure the resistance of right arm (R RA ).
The other impedance is similar to the method of the right arm. The current source put on the same method when we measured the right arm impedance, and the voltage is measured to the left thumb electrode (E 4 ) and left rear sole electrode (E 8 ) in order to measure impedance of trunk. Also, the voltage is measured to right rear sole electrode (E 6 ) and left rear sole electrode (E 8 ) in order to measure impedance of leg. In order to measure left segmental impedance, the current source is connected to left palm electrode (E 3 ) and left front sole electrode (E 7 ), and the voltage measurement method is same as the right side method in order to measure left arm and leg impedance. The equation for calculation to FFMI (Fat Free-Mass Index), FMI (Fat Mass Index) and BMI (Body Mass Index) is as follows. In the processor part that calculates body fat, muscle mass and total body water, etc. by using the algorithms, take advantage of Equations (1)-(3).
The data is managed by using Equations (1)- (4) and suitable algorithms. The data is known for body condition, encouragement exercise and encouragement menu in the operation part.
MEASUREMENT AND EVALUATION
The Table 1 is Measurement specifications about smart refrigerator. 1) Segmental impedance measurement in Multi-frequency. 2) Body component analysis. 3) BMI, Percent body fat and Waist-Hip ratio measurement, etc.
The Table 2 is Segmental impedance measurement in Multi-frequency. The segmental impedance of RA (Right Arm), LA (Left Arm), TR (Trunk, Body), RL (Right Leg), and LL (Left Leg) is measured. And we use multi-frequency to measure the impedance. In multi-frequency, electrical current is passed through the body and we measure the body impedance. It is calculated to total body water, muscle mass, fat free mass and fat mass by using BIA through right arm, right leg, left arm and left leg. In the frequency band of 1, 5, 50, 250, 500 and 1000 kHz, 30 kinds of impedance are measured in right arm, right leg, left arm and left leg and 15 kinds of reactance are measured in each right arm, right leg, trunk, left arm and left leg. Table 3 is body component analysis. We analyze weight, total body water, muscle mass, fat free mass and fat mass by using handle sensor, foot sensor and weight sensor.
Total body water (L) = ICW + ECW (5) Soft lean mass (kg) = TBW + Protein mass (6) FFM (kg) = SLM + Mineral mass (7) Weight (kg) = FFM + Fat mass (8) Table 4 indicates BMI (kg/m 2 ), percent body fat and waist-hip ratio. BMI is calculated for Equation (4) and percent body fat is calculated in the following equation.
Percent Body Fat (%) = Amount of body fat weight × 10
For males below thirty, percent body fat is normal from 14% to 20%, a little bit overweight from 21% to 25 %, and obese over 26%. Otherwise, it is normal from 17 % to 23%, a little bit overweight from 24% to 28%, obese over 29%. On the other hand, for females under thirty, percent body fat is normal from 17 % to 24%, a little bit overweight from 25% to 29% and obese over 30%. Otherwise, percent body fat is normal from 20 % to 27%, a little bit overweight from 28% to 32%, obese over 33%.
Also, the distribution of body fat is relatively low to muscle mass in case of the female during pregnancy and function of hormone, and the activity of lipolysis in hip and the femoral region is very low, therefore, the body fat is crowded in the lower part of the body. The activity of lipolysis in the upper part of body is relatively low. Therefore, the body fat is crowded in the upper part of the body in case of male.
In the paper, the impedance is measured by using BIA method, and the minuteness current is flowed through arm and leg in order to measure impedance. In multi-frequency, 30 kinds of impedance are measured, and 15 kinds of reactance are measured. 
CONCLUSION
In this paper, we propose a smart refrigerator in order to measure body condition in ubiquitous environment. This proposed method is measured for body impedance and calculated composition using bioelectrical impedance analysis. The purpose of this paper is to exchange data among houses, health care centers and hospitals through optical fiber on occasion. Also, the purpose of this paper is to exactly check body condition by using BIA on occasion in ubiquitous environment. Therefore, if we use smart refrigerator, we can manage health condition on occasion among health care center, hospital and refrigerator by checking the condition of somebody's health. We are expecting to reduce fee for medical treatment.
